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Objectives: To assess the clinicopathologic correlations of otologic complaints in patients with acute
lymphocytic leukermia.
Design: Otologic complaints and histologic findings were evaliated i 25 temporal bones of 13 acute
lymphocytic leukemia patients.
Results: Nine patients had a history of otologic complaints, including hearing loss, otalgia, otorrhea,’
and vertigo in 5, 3, 3, and 2 patients, respectively. Hemorrhage was most commmonty observed in the
middle ear (6 patients; 9 temporal bones) and was also observed in cochlea (4 patients, 4 temporal
bones), and vestibule (6 patients, 6 temporal bones). Leukemic nfiltration was observed in the
 petrous apex (13 patients, 24 temporal bones), middle ear (7 patients, 14 temporal bones), cochlea
(3 patients, 4 temporal bones), vestibule (3 patients, 4 temporal bones), aud internal auditory canal
(5 patients, 8 temporal bones). Inflammatory changes were observed in the cochlea (5 patients,
8 temporal bones) and vestibule (5 patients, 8 temporal bones). Middle ear effusion containing
floating tumor cells was observed in 4 temporal bones of 3 patients. Irreversible hlstopathologxc
changes of the middle ear, such as the destruction of the ossicles, perforation of the tympanic
membrane, and granulation tissues were observed in 5 temporal bones of 4 patients.
Concliasions: Ear involvement is common in aciite Iymphocitic leikemia patients. With prolonged
survival due to the progress of treatment, the diagnosis and treatment of nonhematopoietic system
symptoms, such as ear problems due to acute lymphacytic leukemia, have become more important.

Abstract

© 2011 Elsevier Inc. All rights reserved.

‘ 1. Introduction

It is reported that patients with leukemia oécasionally have
hearing loss, tinnitus, and/or vertigo as initial clinical com-
plaints or during follow-up [1-4]. The proportion of patients

* This study was supported by the International Hearing Foundation,
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Rhino-Laryngology.
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with leukemia having deﬁmte otologlc signs or symptoms
was reported to be 32% by Shanbrom and Finch [2] (1958)
and 48% by Paparella et al [3] (1973). In contrast, leukemic
infiltration of the ear is infrequent in the clinical setting, and
only anecdotal cases have been reported to date [5,6].
Clinicians need to clearly understand the clinicopathologic
correlations of otologic symptoms in patients with leukemia.
A human temporal bone study of a large number of cases
specific to acute lymphocytic leukemia (ALL) has not been
conducted. This study was performed in a large number of
temporal boues from patients with ALL to determine the
histopathologic cotrelations of clinical findings.
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2. Materials. and methods

Autopsy reports of 1000 patients from the temporal bone
collection at the University of Minnesota were screened
-to select cases with ALL. Twenty-five temporal bones from
13 patients were obtained.

Clinical details of these 13 patients were as fo]lows All
the patients were white. There were 8 males and 5 females
in this group with an age range of 3 to 67 years and an
average age of 17.5 years. Five patients received che-
motherapy and radiation therapy, 7 received chemotherapy,
and 1 received only palliative therapy. Five patients were
administered ototoxic drugs. Eleven patients died of in-
fection, 1 of hemorrhage, and 1 of hepatic coma. The range

of survival was 1 to 64 months with an average survival.

period of 24.3 months. :

" Temporal bones were removed at autopsy less than
24 hours after death and were fixed in formalin solution.-
Each bone was decalcified, embedded in celloidin, and
serially sectioned in the horizontal plane at a thickness of
20 um. Every 10th section was stained with hematoxylin-
eosin and mounted on a glass slide. We examined each

temporal bone under light microscopy for the presence of.

leukemic infiltration, hemorrhage, and inflammatory
changes, and noted the anatomic site of involvement.
Clinical records were reviewed to retrieve the climical
course, treatment methods, and clinical otologic complaints

teported aftet the initial diagnosis of leukemia. We reviewed -

autopsy reports to determine the proportion of other organs
‘with leukemic cells and then considered the hlstopathologxc
correlauons of chmcal findings.

(69 2%) had one or more otologic com-
i the dmwﬂ venorts (Table 1) [Tearing

ﬂirx: ?ﬁe’“ﬁ tients {69.2%) hud one or moté otologic com-

plaints according to the clinical reposts (Table [). Hearing
loss was the most comunon commplaint. Sensorineural hearing
loss was noted in | patient and conductive hearing loss in |

patient, but the type of hedring loss was not clear in 3 patients.

Four patients (30.8%) had no clinical otologic complaints.
Six patients had otalgia, otorrhea, and/or ear bleeding. One
patient had undergone surgery for acute mastoiditis, at which
time ALL relapse was diagnosed. One patient had an ear tube
inserted for exudative otitis media, and 4 other patients were
treated conservatively for otitis externa and otitis media.

Table 1
" Otologic complaints

Otologic complaints No. (%) of patients

Hearing loss 5 (38.5)

- Otorrhea. 4 (30.8)
Otalgia 4(30.8)
None N 4 (30.8)
Veitigo : 2 (15.4)
Ear bleeding NN

Table 2

Temporal bone pathologic findings

Area Leukemic Hemorrhage Inflammatory
infilteation ; changes
No. (%) No. (%) No.(%) No.(%) No.(%) No. (%)
of of TBs  of of TBs  of of TBs
patients  (n=25) patients (n=25) patients (n=25)
(=13 (= 13) (n=13)

Extenal 4 (30.8) 7(280) 1(77) 280 0 - 0

ear
™ 6(462) $(32.0) L(77D 200 177 1(40)

Middle 7 (53.8) 14(56.0) 6(462) 9(36.0) 4(30.8) 5(20.0)
car

Mastoid 6(46.2) 10(40.0) 4(30.8) 5(20.0) 2(154) 2(8.0)
Cochlea 3(23.1) 4(16.0) 4(30.8) 4(l6.0) 5385 8(32.0) '
Vestibule 3(23.1) 4(16.0) 6(46.2) 6(24.0) 5(38.5) 8(32.0)
Modiolus 2 (154) 3(12.0) 1(7.7) 1@4.0 © 0
Facial 4(30.8) 7(28.0) 2(154) 3(12:0) O 0

nerve )
IAC 5(385) 8(32.0) 6(462) 7(280) O 0
Pettous 13 (100) 24(96.0) 1(7.7) 140y 0O 0

apex '

TB indicates temporal bone; TM, tympanic incmbrane; IAC, internal
auditory canal.

The incidence of the histbpathologic findings grouped
according to their anatomic site in temporal bomes of
patients with ALL, is shown in Table 2. Histopathologic

“findings of 9 patients (69.2%) were similar on both sides.

Leukemic infiltration was observed most commonly in the
marrow spaces of the petrous apex (13 patients, 24 temporal
b’qggs) mcludmg the marrow spaces of _the_ossicles
, ! tcmporal boncs) ancL he , layer

f 'the_bony labyrinth aticats, 4__tcm P oncsé))
ney mxauc Yr¥ car, a m 1a3101d mnnrla 104 was ai
ﬂ mnfiltration was, the submucous
UU Sl VCSU thIle ﬂt oy Ul LIC SUUH!T S VESSCLS.
membrades of the. eki;etn uditory -canal,, tympa_mc
membrane, widdle car, and mc\stmd Tifiltration wag also
observed inside and outside of the submucous vessels.
Because of leukemic infiltration and congestion, the swelling
of thé external atiditory cahial Was obsérved in 1 teivipoidl

bone, and that of the tympanic membrane in 5 temporal

bones of 3 patients. Leukeniic nfildation of the cochled,
vestibule, and internal auditory canal was observed in 4
tempotal bones of 3 patiefits, 2 of whom complained of

 vertigo (Fig. 1). Leukemic infiltration of the internal auditory

canal was obsetved in the perineural and endoneuial sheaths
of the seventh and/or eighth cranial nerves. Leukemic cells

“were observed in (he cerebrospinial (Tuid (CSF) of 3 patients

with leukemic infiltration of the internal auditory canal, one
of whom had severe sensorineural hearing loss in both ears
(Fig. 2). Although leukemic infiltration of the facial canal
was observed, none of these cases had exhibifed facial
paralysis. All patients had leukemic mﬁltratlon in some areas
of temporal bones.

Hemorrhage was observed most commonly in the middle
ear (6 patients, 9 temporal bones) in the submucous
membranes, with hypervasculdmzanon caplualy dilatation,

’ and numerous red blood cells in the capillaries. It was
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Fig. 1. Temporal bone of a 17-year-old male who complained of vertigo. Leukemic infiliration is observed in ﬂie scala tympani of the basal turn (A). Aggregation

of tumor cells is evident (B). Hematoxylin-eosin, original magnification x40 (A), x400 (B). - ’

occasionally also observed in the middle ear cavity.

Hemorrhage of the inner ear was observed mainly in the
perilymph. Extensive hemorrhage in the cochlea and
vestibule was observed in 2 temporal bones of 2 patients,
one of whom complained of vertigo and otalgia (Fig. 3). One
patient who died of subarachnoid hemorrhage had extensive
hemorrhage in the internal auditory canal and modiolus.
Sixteen temporal bones of 12 patients showed varieus
degrees of hemorthage.

Inflammatory changes were observed most commonly in
the cochlea (5 patients, 8 temporal bones) and the vestibule

(5 patients, 8 temporal bones). Serous labyrinthitis was
observed in 8 temporal bones of 5 patients, and purulent
labyrinthitis was observed in 1 temporal bone (Fig. 4). Four.
of these patients complained of hearing loss, one of whom
showed severe degeneration of the organ of Corti.
Inflammatory changes of the middle ear were observed in
the submucous membranes with leukemic¢ infiltration and

hemorrhage. Middle ear effusion was observed in 5 temporal

bones of 4 patients; ‘the pathologic findings indicated
effusion containing floating tumor eells in 4 temporal
bones of 3 patients, and leukemic infiltration around the

Fig. 2. Tcmpo'ral bone of a 15-year-old male adolescent who complained of gradually progressive hearing loss. Leukemic infiltration is observed in both the
- cochlear and vestibular nerves (A). Aggregation of mmor cells is observed in the endoneural sheath of the cochlear nerve (B). Hematoxylin-gosin, original
magnification x100 (A), x400 (B). : .



16 - K Terao et al. / American Journal of Otolaryngology-Head and Neck Medicine and Surgery 32 (2011) 13-18

Fig. 3. Temporal bone of a 16-year-old male who complained of vertigo.
There is extensive hemorrhage in the scala vestibuli, scala tympani, and
modiolus, but not in the cochlear duct. There is ballooning of the Reissner’s
membrane. Hematoxylin-eosin, original magnification x20.

eustachian tube in all of temporal bones. Five temporal bones
of 4 patienits had (Heé following iiréversible histopathslogic
changes: hyperplastic epithelium of the middle ear with
proliferation of ciliated and goblét cells in ohe temipoial
bone, destruction of the ossicles in 2 temporal bones of 2
patients, péiforation of the tympanic mermbirane in 2
temporal bones of 2 patients, and granulation tissues of the
middle ear in 4 lemporal bones of 3 patients. '

Four patients had no otologic complaints and poor
pathologic findings including those of leukemic infiltration
only observed in the petrous apex along with scanty

Table 3

Leukemic infiltration of organs outside the hematopoietic system
QOrgan No. (%) of patients
Middle edr 7 (53.8)
Kidney 7(53.8)
Lung 6 (46.2)
Brain 5 (38.5)
Testis 4 (30.8)
Intestine 3030
Thyroid 2(15.4)
Heart ' L1
Stomach S LTy
Adrenal

L7

hemorthage in the middle or inner ear. None of them had
inflammatory changes. . _

Organs outside the hematopoietic system in which
Jeukemic infiltration was observed, are reported according

-to autopsy reports in Table 3. Leukemic cells were observed

in various organs. In 1 patient, leukemic cells were found
only in the hematopoietic system. In temporal bones,
leukemic infiltration of the middle ear was second only to
that of the petrous apex.

4. Discussion

The incidence of otologic complaints ranges from 16.8%
to 48.0% in patients with leukemia [1-3]. We found that
69.2% of patients with ALL had definite otologic com-
plaints, This high incidence of otologic complaints was
atiributed to prolonged survival. ,

It has been reported that histopathologic findings in
temporal bones from patients with leukemia can be mainly

Fig. 4. Temporal bone of an 11-year-old female adolescent who, complained of hearing loss. The round window membrane was invelved in inflammatory
changes (A). Numerous red blood cells, lymphocytes, polymorphonuclear leukocytes, and fibrocytes are observed. (B). Hematoxylin-eosin, original
magnification x20 (A), x400 (B). '
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classified as leukemic infiltration, hemorrhage, and inflam-
matory ehanges [3,7]:

Leukemic infiltration of temporal bones could be caused
hematogenously or through the CSF. Leukemic infiltration
was, observed most commonly in the marrow spaces of the
petrous apex [7], which was observed in all patients. In
general, leukemic cells that spread hematogenously must
first pass the petrous apex before involving the middle and
-inner ear. Proctor and Lindsay [8] reported that the sluggish
blood flow in the sinuseidal capillaries of the marrow
presumably favors the deposition of tumor cells in these
areas of temporal bones. In addition, Jahn et al [9] showed

‘that subsequent metastasis, after invasion of the petrous

bone, occurs by vascular permeation. The submucous

vessels of the mastoid air cells are ultimately occluded

with tumors. These vessels communicate with the vessels of
the middle ear cleft, and the tumor cells are ultimately carried
throughout the tubotympanic cavity.

Since the perineurium of the nerve in the internal dudttory
canal is similar to lymph vessels and communicates with the
CSF, leukemic cells in the CSF would be transported to the
modiolus, cochlea, vestibule, or semicircular canals through
the Lymph that surrounds the cochlear and vestibular nerves.
‘This appeared likely in 3-of our patients because leukemic
cells were evident in both the internal auditory canal and
the CSF.

In 4 of 8 (50%) temporal bonés with leukemia with
widdle ear effusion, floating tumor cells were detected in the
effusion [10]. The incidence of effusion containing floating
tumof cells in the present study was higher than that
observed in this previous study [10]. In patients with
leukeniia with middle ear effusion, a cytologic éxatnination
is recommended. ,

Inflammiatoiy chatiges of the middle ear appatently
superimposed upon the leukemic infiltration and submucous
hiérioithage. It has been iéported that custachian tube
obstruction by leukendic infiltration, infiltration and hemor-
rthage of the siibmiicous membranes of the iniddle ear, and
hematotympanum may all predispose to - infection [11].

These findings wete also coinmon fiadings in out cases. Our

findings suggest that leukemic infiltration and a tendency to
bleed are main causes of inflarunatory changes of the middle
ear. Many patients with ALL showed findings of labyr-
inthitis much beyond our expectations. However, the reason
remains unknown.
Many researchers have reported that the most common
. otologic complaint due to leukemia is hearing loss [2,3,12,13],
as in the present study. The most common cause of
~conductive hearing loss may be secondary otitis media due
to leukemic infiltration and hemorthage. The control of
inflammatory changes in the middle ear is very important,
" because many patients with inflammatory changes of the
middle ear have irreversible histopathologic changes, and the

most common cause of death was infection. Acute sensor-

ineural hearing loss and/or vertigo related to leukemic
mﬁlﬂaﬂon of the inner ear and cranial nerves has been

reported [4,14-17]. These conditions seemed likely in 3 of our

patients; as 2 with vertigo and | with sensorineural hearing

loss had lenkemic inﬁitra}tion of the internal auditory canal

and/or the inner ear. Thus; in the follow-up of patients with

leukemia, various nonspecific otologic symptoms should be
kept in mind.

In a study of 273 patwnls with acute leukemia, the
incidence of facial paralysis was 2.8% in patients with acute
non-lymphocytic leukemia (213 patients) and 13.3% in
patients with ALL (60 patients) [18]. The most common
mechanism in lenkemic facial neuropathies is the sutround-
ing meningeal involvement of the nerve [19]. In our cases,
although leukemic infiltration of the CSF, internal auditory
canal, and facial canal were observed, none of them had
experienced facial paralysis.

5. Conclusion

- Leukemic infiltration should be considered in ALL
patients, even if otitis media is observed. Biopsy samples
should include submucosal tissues. Various nonspecific

~ otologic symptoms are possible in patients with ALL.

Because leukemic infiltration of temporal bones is observed
frequently in patients with ear problems, clinicians should
consider the possibility of ear metastases in patients
with ALL.
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Hypothesis: We hypothesize that the conﬁéction’s between the

hematopoietic bone marrow and middle. ear is a potential cause -

of childhood otogenic memngms
Background: Although it is known that there 13 a causal re-

lanonshlp between otitis media and bacterial meningitis, the .

relationship has never been satisfactorily established. Fuman
" fetal and infant temporal bones prepared for light microscopic
evaluation revealed direct connections between the hemato-
poietic bone matrow and middle ear. We noted this difference in
anatomy between the infant middle ear and the adult middle ear.
Methiods: We studied 10 temporal bones from 5 infants in each

group: meningitis group with otitis media who died of menin-

gitis, control Group 1 without otitis media, and control Group 2
with otitis media who died of diseases other than meningitis. A
quantitative analysis of the frequency of connections between
the hematopoietic bone mariow and middle ear was performed.

The correlation between unabsorbed mesenchyme and ofitis | .
media also was investigated.

Results: The ﬁ:equency of connectmns was 51gn1ﬁcantly higher

in order of the meningitis group, coutrol Group 2, and ‘control
Group 1. The deggee of unabsorbed mesenchyme tended to be-
more severe in order of the meningitis group, control Group 2,

and control Group 1.

Conclusion: The prevalcnce of conncctlons between the
hematopoietic bone marrow and middle ear in patients with
meningitis- and otitis media is high. A higher prevalence of
connections in infants with otitis media could increase the
tisk for otogenic meningitis in them. Key Words: Childhood
otogenic meningitis—Connections between hematopoietic bone
matrow and the middle ear—Unabsorbed mesenchyme.

Otol Neurofol 32:77-80, 201T.

Children constitute a majority of the cases of bacterial
meningitis (1). Using light microscopy, Linthicum et al.
(2) found that human fetal and infant temporal bones
revealed direct connections bétween the hematopoietic
bone marrow and miiddle ear. They also found that these

* connections gradually disappeared by 16.to 18 months-

after birth (2). With respect to potential causes of bacterial
meningitis, we conceived the difference i anatomy

" poietic bone marrow and the middle ear in infants.

between the middle ears of infants and adults. We de-

tected the presence of connections between the hemato-
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Therefore, we proposed that the connections between
the hematopoietic bone marrow and middle ear were the
potential route of bacterial meningitis.

There are 3 possible pathways for the migration of

~pathogens from the middle ear to the subarachnoidal

space in otitis media: 1) hematogenous spread (3); 2)
dehiscence (4), which are either anatomic abnormalities
(e.g., the posterior fossa along the subarcuate attery) or
acquired dehiscences (é.g., iatrogenic injury or temporal
bone fractures); and 3) labyrinthitis (5) through the oval
or round window membranes. We hypothesized that
high frequency of connections between the hematopoietic

. bone marrow and middle ear is the potential cause of the

heimatogenously spread otogenic meningitis in infants.
We performed a quantitative analysis of the frequency

of these ‘connections to evaluate their correlation

with otogenic meningitis. In addition, we studied the
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FIG. 1.

Marroquesenchyme connections (arrowhead) in the antrum of-a 7-month-old male infant (A) and in the mastoid of a 23-month-

_old male infant (B). They died of meningitis due to infection by H. Influenzae. The unabsorbed mesenchyme (M) varied in thickness. BM
indicates hematopoietic bone marrow (hematoxylin and eosin stain; original magnification, x20 (A); original magnification, x40 (B).

correlation between ‘unabsorbed mesenchyme and otitis
media.

MATERIALS AND METHODS

Temporal bones from the collecuon of the Umversﬁ:y of
Minnesota (Mianeapolis, MN, USA) wete teviewed. This
. study included 10 temporal bones from 5 infants with clinical
- and histologic evidence of otitis media who died of meningitis

(4 male subjects and | female subject; age Tange, 6~23 mo;
mean age * standard deviation, 12.8 + 7.4 mo). Cultures.
of cerebrospinal fluid and blood had grown nontypeable
Hemophilus influenzae in 2 patients, H. influenzae type B in 1
patient, and Streptococcus pneumoniae in 2 patients, Meningitis
ran a rapid course, and the survival time after admission varied
between 1 and 5 days. All temporal bones showed histopa-
" thologic. evidence suggestive of chronic inflammatory changes
(e.g., granulation tissues) and purulent labyrinthitis. During
autopsy, none of the patients had any foci of infection that was
suggestive as a cause of meningitis. For the coritrol Group 1, 10
temporal bones from 5 infants without clinical and pathologic
“evidence of otitis media and who had died-of'diseases other than
“meningitis (2 male and 3 female subjects; age rangé, 8-22 mo;
mean age * standard deviation, 15.4 + 6.4 mo) were selected.

25 + .
20
15 -

10 -

Mumber/TB

QA

Total

Epitympanum

I.mm«._

The cause of death in the control Group 1 was congenital heart
disease. For the control Group 2, 10 teinporal bones from 5
infants with clinical and pathologic evidence of otitis media and
who had died of diseases other than meningitis (3 male and 2
female subjects; age range, 824 mo; mean age * standard
deviation, 15.4 +.7.3 mo) were selected. The cause of death in

the control Group 2 was congenital heart disease. Two temporal

bones showed histopathologic evidence suggestive of chromc
inflammatory changes and purulent labyrinthitis. . :

We excluded patieits with anatomic abnormalities (e.g., the
posterior fossa-along the subarcuate artery), acquired dehis-
cences (e.g., iatrogenic injury or temporal bone fractures),-and a
history of ear surgery or head trauma.

The temporal bones had been removed at autopsy and fixed in
formalin solution. Serial sections were made at a thickness of
20 pm in the horizontal plane. Every tenth section was stained
with hematoxylin.and eosin and mounted on a glass slide for
observation under a light microscope.

We defined bony dehiscences between the hematopoietic’
bone marrow -and the middle ear as the connection (Fig. 1).

- Every tenth section of each temporal bone from'the top to

bottom of the cochlea was analyzed for measuring the number of
connections -between the hematopoietic bone marrow and the
middle ear. The middle ear wag divided into 3 areas (epi-
tympanum, mesotympanum, and mastoid antrum) to investigate

& Meningitis
i Control 1
@ Control 2

- s&s:Tm

Mastoid Antrum

Mesotympanum

FBG. 2. The mean number of connections between 1he hematoponehc bone marrow and the middle ear grouped according to anatomic

location. TB indicates ,temporal bone.

Otology. & Newrotology, Vol. 32, No. 1, 2011
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the frequency of connections bctween it and the hematopownc '

bone marrow. A four-level gradinig” system was established to
score the degree of unabsorbed mesenchyme in sections in
which the incudomalleal articulation'is seen: none, no unab-
sorbed mesenchyme is seen; mild, unabsorbed mesenchyme is
seen, but its margins do not reach both the malleus and iricus;

moderate, when unabsorbed mesenchyme such that its margins
meet part, but not all, of the malleus and incus is seen; and
severe, unabsorbed mesenchyme such that its margins meet the
entire area surrounding malleus and incus, .

" All histopathologic grade was scored without knowledge of

any clinical information. The scoring was rigidly performed by 3-

different physicians. Statistical evaluation was petformed using
the unpaired.-£ test, and p < 0.05 was considered significant.

RESULTS

The frequency of connecﬁbns between the hemato-

poietic bone marrow and the middle ear was mgmﬁcantly
differerit among these 3 groups. (p = 0.002 in the menin-
gitis group and control Group 1; p = 0. 009 in‘the menin-
" gitis group and control Group 2; p = 0.001 in the control
Group 1 and control Group 2). The frequency of connec-
tions in all locations was significantly higher iri the
" meningitis group (total, 13.5 £ 8.9; mastoid antruin, 8.4 +
6.8; mesotympanum, 3.9 + 4.1; epitympanum, 1.2 + 1.2),
control Group 2 (total, 4.2 + 1.8; mastoid antrum, 3.1 + 1.7;
" mesotympamum, 0.9 * 1.3; epitympanum, 0.2 +-0.4), and
control Group 1 (total, 1.3 + 1.6; mastoid antrum, 0.9+ 1.4;

mesotympatium, 0.2 + 0.4; epitympanum, 0.2+ 0.6) (in

that order; Fig. 2). . -

“In all groups; the frequency of connections was ]:ugh
at the mastoid -antrumn, mesotympanum, and epitympa-
num (in that order). The details of the mesotympanum
were as follows: Eustachian tube, 2.5 +3.1,0.3 0.1, and
0.2 + 0.4; tympanic sinus, 1.4 * 0.8, none, and 0.2 + 0.4;
and facial recess, 1.3 £ 0.6, 0.3 £ 0.1, and 0.5 £ 0.7 in the

"meningitis group, control Group 1, and control Group 2,
respectively. -

The degree of unabsorbed mesenchyme tended to be
more severe in the meningitis group, control Group 2, and
Acontrol Group 1 (m that order; Table 1; Flg 3).

C DISCUSSION

Connectlons between the’ hematopmetlc bone marrow
and unabsorbed mesenchyme of the middle ¢ar are a
normal developmental finding in the perinatal period.
Unabsorbed mesenchyme is gradually absorbed as the
mastoid cell system matures. Occasionally, these con-
nections remam patent in infants. :

TABLE 1. Degreecof unabsorbed mesenchyme.

Group ©  None Mild ~ .Moderate Severe

" Meningitis "0 2(20%)  .3(30%) 5(50%)
Control I . 5(50%) 3 (30%) 2 (20%) 0
Control 2 0 6 (60%) 0

4 (40%)

' FIG 3. Extenane unabsorbed mesenchyme (severe degree) in

the middle ear and mastoid of an 18-month-old female infant who
died of meningitis due to infection by S. pneumoniae (hematoxylm
and eosin stain; original magnification, x10). .

Mesenchyme refers to the nonépithelial cells that lie
between and are derived from the mesothelial and epi-
thelial layers of the embryo (6). The middle ear is the only

“area in which the primitive mesenchyme can be found

after birth, This feature is not seen in othér organs that
are well developed at birth (7). Mesenchyme may-be.
involved in the middle ear and mastoid pneumatization
process, but its rol€ and function in the dcvcloplng middle
ear are controversial. -

The relationship between these connections and un-

“absorbed mesenchyme has not been examined. Takahara

et al. (8) found. that mesenchyme. disappeared almost
cotiiplétely in normal infants by the age'of 1 year, Many
studies have. shown that unabsorbed mesenchyme is as-
sociated with ofitis media (7,9~11), similar to our. find-
ings. Kasemsuwan et al.’ (7) revealed that unabsorbed

" mesenchyme was seen in infants with otitis media aged .

older than 2 years. In addition to otitis media, unabsorbed
mesenchyme was related to congenital morphologic ear

anomalies and syndromes as well as pulmonary diseases =

but. ot to congenital heart diseases (7). Therefore, we

. selected patients who died of congenital heart dlseases‘
. as the control group. Connections between the hemato-

poietic bone marrow and middle ear were seen from
15 weeks of gestation to 19 months of age (2). This study
showed that patients with otitis media had a s1gmﬁcant]y
higher. frequency of connections than patients without
otitis media. Our findings suggested that there was a
significant correlation between unabsorbed mesenchyme
and the presence of these contections. Mesenchymal-

_cells can give rise to various types of connective tissues

(e.g., fibrous tissue, bone, cartilage, and tendons), blood
cells, muscle, lymph vessels, lymph glands, and endo-
thelium of the vascular system (12). These connections
may remain patent because thése unabsorbed mesen-
chymal cells lose the ability to differentiate into various
types of tissues. However, we could not explain why

patients with otitis media who died of meningitis had

" Otology & Neurotology, Vol. 32, No. 1, 2011



